night for four weeks. Overnight polysomnography, using standard techniques, was perfisemed at the end of each treatment period. The total number of apneas (A) and hypopneas (H) decreased significantly while receiving the ophylline compared to placebo, from 398(69), mean (SEM), to 283(72), p<O.Ol. Sleep quality was, however, significantly worse while receiving theophylline. Obstructive A and H were very much decreased with theophylline (p<.OO!), and even when the data were adjusted for the more disturbed sleep with theophylline, this decrease remained significant; the obstructive A and H index fell from 49 (8.7) on placebo to 40 (9) while receiving theophylline, p 0.02. There was no difference in the numbers of central or mixed A and H, and mean A and H duration was unchanged on the two study nights. Oxygen desaturations >4 percent were less with theophylline treatment (pO.O2), but mean overnight Sa02 was unchanged. We conclude that theophylline may be beneficial in patients with OSA, but part ofthe improve ment is due to a deterioration in sleep quality. evious reports of pharmacologic therapy in oh structive sleep apnea have given mixed results,'@ although protriptyline has been reported to be of benefit.25 The methylxanthines have a respiratory stimulant effect,'Â°@'2 which appears to be at least partly and an exaggerated periodic breathing pat tern,@ both being factors which might be influenced by theophylline therapy. Local factors include de creased tone in the upper airway muscles during sleep, predisposing to oropharyngeal occlusion.E@ Should theophyllines have a stimulant effect on upper airway muscles similar to that on the diaphragm,'9 this might have a beneficial effect in OSA. To date, however, there are no reports on the effect of theophylline on upper airway muscles.
Based on the above considerations, there are strong theoretical reasons to propose that theophylline may have a beneficial effect in patients with OSA. We, therefore, examined the effects oforal theophylline in a group of patients with previously diagnosed OSA, 
Patient Selection

METHODS
Twelve male patients with recently diagnosed OSA (>15 apneas or hypopneas per hour ofsleep) were enrolled in the study. Patients with a history of cardiac or hepatic disorders were excluded, as were those taking hypnotics or sedatives, or any medication known to interfere with the absorption or metabolism of theophylline. Patients with a substantial alcohol intake (>20 units per week) were also excluded. The study was approved by the Hospital Ethics Committee, and all patients gave informed consent prior to entry into the study. Initial evaluation included a clinical history, physical examination, and pulmonary function tests (spirometry with revers ibility to inhaled salbutamol, flow-volume loops, and single breath diffusing capacity).
Trial Medication
Patients were randomly allocated to receive either the trial medication, theophylline, or matching placebo. One patient already receiving theophylline had a two-week washout period without treatment. Thereafter, they took 80 mg theophylline or placebo nightly at 10 PM (for the first week of treatment, the dose of theophylline was 200 mg to reduce the likelihood of side effects). Treatment was continued for four weeks, and the patients then underwent a sleep study before crossing over to the other treatment arm. The trial was double blind in nature.
Sleep studies
Overnight sleep studies were performed at the end of each treatment arm using standard polysomnographic techniques,u and staged in 30-s epochs by a single, blinded, observer. Respiration was measured by a respiratory inductance plethysmograph (RIP) which was calibrated using the isovolume technique. In the present study, apnea was defined as the absence of movement in the sum channel of the RIP lasting at least 10 s.
Hypopnea was defined as a period of 10 s or more when the tidal volume fell abruptly to less than 50 percent of the average tidal volume during the last epoch of stable respiration, associated with a drop in Sa05ofat least 4 percent from baseline. The termination of these hypopneas was usually associatedwith an EEC arousal. The above variables were recorded continuouslyon a polygraph recorder. Oxygen saturation was also recorded continuously using an ear oximeter. Significant oxygen desaturation was taken as greater than4 percent.@ Serum theophylhne levels were taken at 10 PM (prior to taking the trial medication) and at 8 AMduring the sleep study nights, and a full blood count was also taken at the end ofeach treatment limb.
The data were analyzed using the nonparametric Wilcoxon signed rank test. Simple regression analysis was used to correlate quanti tative variables. A p value of less than 0.05 was regarded as significant.
RESULTS
Nine patients completed the trial, and the anthro pometric and spirometric data for these patients are presented in Table 1 . They were all above ideal body weight for height, and two were morbidly obese. They had established OSA ofvarying severity prior to entry into the study, with an A + H index ranging from 25 to 100. Some of the patients also had mixed and a small number of central apneas, but all had predominantly obstructive disease. All had excessive daytime sleepi ness of varying severity.
Serum theophylline levels taken the morning after the sleep study (10 h after the last dose) were all greater than 8 p@g/mlin the active phase of the trial, with a mean morning theophylline level of 14.3 (
The effects oftheophylline on disordered breathing during sleep are shown in Table 2 . The total number of A and H decreased significantly on theophylline (p = 0.01) but increased wakefulness during sleep while on theophylline resulted in the A + H index (apneas and hypopneas per hour of sleep) not being significantly reduced, although there was a trend towards reduction (p = 0. 14). Obstructive A and H however were markedly reduced with theophylline (p<O.001), and this reduction remained significant (p<O.05) when the data were adjusted for differences *p<0.05. tp<0.01. 1:p<O.OO1.
in sleep quality (Fig 1) . There was no change in the numbers of mixed or central events, but these num bers were relatively small. There was a greater de crease in the number ofapneas rather than hypopneas, suggesting that theophylline may convert the former to the latter. There was no change in the mean A + H duration, and there was no selective effect of theo phylline on REM or nonREM-related apneas or hy popneas.
The effects of theophylline on sleep architecture are shown in Table 3 . Sleep tended to be more disturbed, with a shorter sleep period time, increased wakefulness, and reduced stage 2 sleep with theo phylline as compared to placebo, although the per Table 3â€ "Quality of Sleep pneumonia while taking the active phase, and the third patient was unable to tolerate the full dose of theophylline because of nausea and palpitations. Side effects complained of during the theophylline phase of the trial included nausea (five patients), dyspepsia (two), headaches (two), depression (one), and a feeling of being hungover (three). However, these symptoms tended to lessen with time while receiving treatment, and only one patient was unable to tolerate the fill dose of theophylline sufficient to require withdrawal from the trial.
DISCUSSION
The main finding ofthis study was that theophylline significantly reduced the number of apneas and hy popneas during sleep with obstructive apneas being preferentially reduced. When these data are corrected for the deterioration in sleep quality while receiving theophylline, the frequency ofobstructive apneas and hypopneas remains significantly lower with theophyl line than placebo. These findings differ from those of Espinoza and colleagues,' who in a placebo-controlled trial of a single overnight infusion of aminophylline, demonstrated a significant reduction in the number of central but not obstructive events during sleep. They postulate that this finding may be due to the central respiratory stimulant effects of theophylline. This difference in findings from our study may in part be related to the relative numbers of these events; all our patients had predominantly obstructive or mixed apneas, with very few purely central events. Another possible explanation is that long-term oral treatment with theophylline may have different effects than acutely administered intravenous aminophylline treat ment.
Other reports on the efficacy oftheophylline therapy in OSA have given conflicting results, but all have suffered from a number of deficiencies. Peter and colleagues7 reported a significant reduction in sleep apneas in a placebo-controlled trial oflong-acting oral theophylline. However, no figures are given to support this conclusion, and the nature of the sleep apnea is not specified. Mayer and co-workers8 also reported a significant reduction in sleep apnea with theophylline, but again, the nature ofthe sleep apnea is not specffied, and the study was not placebo-controlled. Guillemi nault and Hayes9 found no change in either severity of OSA or quality ofsleep with theophylline therapy, but this trial was neither placebo-controlled nor double blinded, and serum levels of theophylline were not measured.
Potential mechanisms by which theophylline could improve OSA remain to be established, but may include both central and local upper airway factors. While the recognized effects of theophylline on pen odic breathing'Â°â€•@ might appear to have therapeutic centage of REM sleep was unchanged.
Only two patients had any slow wave sleep on either night. There was no significant correlation, however, be tween those patients who had the highest percentage ofwake time during sleep with theophylline and those who had the greatest improvement in A + H index.
Mean nocturnal Sa02 was unchanged with theo phylline (Table 4 ), but the number of falls in Sa02 of greater than 4 percent from baseline was significantly less with theophylline as compared to placebo (p=0.02).
Three patients who completed the trial had mild to moderate COPD, but were not receiving any treat ment, and none had a signfficant improvement in FEY, after salbutamol inhalation. Two of the COPD patients and one other had hypertension, but only one was taking medication for this (a thiazide diuretic). There was no evidence of a preferential beneficial effect of theophylline on sleep apnea in those patients with coexisting COPD. None of the patients had any other significant illnesses. Three ofthe initial 12 patients enrolled in the study failed to complete the trial. One patient was with drawn because of inability to tolerate the placebo phase ofthe trial. He had moderately severe OSA and COPD and had previously been receiving theophylline for his OSA. He suffered greatly increased daytime sleepiness, dyspnea, and general malaise while receiv ing placebo, which improved markedly when he resumed theophylline therapy. Another patient, who also had coexistent COPD, suffered intercurrent implications only for central sleep apnea, Onal et aP@ have shown that OSA has some similarities with periodic breathing, and thus, may be influenced by an agent such as theophylline. Theophylline also has a stimulant effect on central respiratory drive,'3 which may stimulate upper airway muscles in addition to the diaphragm. Since theophylline has also been reported to increase skeletal muscle in addition to diaphrag matic contractility,'@ the drug may also have a direct stimulant effect on the upper airway muscles.
Based on our findings, we can postulate that theo phylline may have a preferential augmenting effect on upper airway muscle contraction, similar to that re ported with protriptyline,@ since augmentation of diaphragmatic contraction without simultaneous aug mentation of the contraction of upper airway dilating muscles would likely predispose to upper airway occlusion. Such occlusion has previously been dem onstrated in patients with central alveolar hypoventi lation treated with an electrophrenic pacemaker.'Â°S uch patients may develop OSA under these condi tions because of unopposed contraction of the dia phragm during electrical stimulation. To date, how ever, there are no reports on the effect of theophylline on upper airway muscle contractility. The fact that medroxyprogesterone acetate, however, a recognized central respiratory stimulant, has been shown to be helpful in central but not OSA,6 supports the notion that theophylline's effects in OSA are not simply central.
We demonstrated a significant deterioration in sleep quality with theophylline therapy, similar to previous 17 This finding represents a significant draw back to theophylline therapy in OSA. However, we found that this effect varied widely, with the percent age of wake time during sleep while receiving theo phylline varying from 4 to 55 percent. It is noteworthy that the percentage of REM sleep was unchanged, although it was low on both study nights. The possi bility has been raised' that long-term theophylline treatment may, by increasing sleep fragmentation, actually worsen OSA, as it has been shown that arousal responses are reduced following sleep deprivation and fragmentation, and apnea length increases.3'@ Our findings do not support this possibility, since only one patient had a deterioration in his A + H index while receiving theophylline, and this difference was small. The mean A + H duration and the arousal frequency were also unchanged.
In the majority of OSA patients with mild to moderate disease, who may also have relatively mild daytime symptoms, pharmaceutical therapy, if effec live, is likely to remain an important therapeutic modality, since other more invasive forms of therapy, such as nasal CPAP, may be less appealing to the patient. Pharmaceutical therapy may also have a role as an adjunct to other forms of treatment such as weight reduction. Unfortunately, protriptyline, which is the most commonly used medication at the present time, has inconsistent benefits, and has not been shown to significantly improve the apnea index, al though it does appear to reduce daytime sleepiness and improve noctural oxygenation.2@ These benefits differ from our findings with theophylline, where apnea frequency but not daytime sleepiness or night time oxygen saturation improved. It is possible, there fore, that the two agents given together may have an additive beneficial effect, thus possibly allowing a lower dosage of each agent, with consequent lesser risk of side effects. The dosage of theophylline used in the present study was that recommended for optimum bronchodilator effect.@ The possibility exists that a lower dose might have had similar beneficial effects on obstructive sleep apnea, but with a lesser degree of sleep disruption. This possibility remains to be proven.
It was not possible to predict which patients would
have the greatest benefit from theophylline, and those with the greatest improvement in the A + H index were not necessarily those with the greatest sleep disruption, as these variables were not significantly correlated. Furthermore, we were unable to demon strate any preferential benefit of theophylline in pa tients with coexisting OSA and COPD. However, our patient population was not specffically chosen to assess this possibility in that only three patients had coexist ing COPD. Further studies will be required to address this question.
In conclusion, we feel that theophylline has a role to play in the treatment of patients with OSA where nasal CPAP or surgery is either not indicated or unacceptable to the patient. Unfortunately, there is, as yet, no reliable method ofpredicting which patients with OSA are likely to benefit most from theophylline, although we feel, based on our data, that it may be those with mild disease. The treatment of choice remains nasal CPAP in more severe cases of OSA. 
